goals in writing this paper. The first is to show the importance of teaching human evolution to all students. The second is to provide up-to-date resources for classroom teachers to use in teaching the subject. Secondary biology textbooks suffer from the inherent limitations of mass produced books making it difficult for them to stay current with rapidly changing scientific fields such as paleoanthropology. One of our motives for writing this paper is to compensate for this inherent limitation of textbooks.
The most important resource we provide is a review of current scientific research on human evolution that stresses the broad framework of what is reliably known about our origins. To this we have included a list of recommended books taken from our research that we feel are the most useful and accessible. In addition to text resources, we have added a list of web sites on human evolution that provide an increasingly sophisticated source of information. Together, this material should provide teachers with a variety of up-to-date resources for teaching human evolution.
Why Teach Human Evolution?
Modern science has reached the point where the broad outline of our origin is known. For each of us, this scientific knowledge of human origins and evolution has a special significance, because central to each of our individual views of the world is a concept of who and what we are. The beliefs we hold about ourselves drive our attitudes and our actions and, as such, determine the kind of people we are and ultimately the kind of society we have. In the past we have answered the questions about our origins with the myths and creation stories unique to the culture of our birth. But today we live in a world where scientific answers to these questions are available. All of us can share these answers because they are based on public scientific knowledge instead of private beliefs. It is the knowledge of who and what we are that we can hold in common in our increasingly pluralistic society. This scientific knowledge of human origins need not replace faith in the moral teachings of any belief system. But if self knowledge is the most valuable knowledge we can possess, then what modern science can tell us about who and what we are is the most valuable knowledge we can teach our students.
A Review of Current Research on Human Evolution
We have confined our review of human evolution to the period between the late Miocene eight million years ago (m.y.a.) and 100,000 years ago. This period marks the evolutionary transition from our last common ancestor with modern chimpanzees to the first fully modern humans. Because of limited space, and to do proper justice to the subject, we have not included the last hundred thousand years of human evolution and history. Our knowledge of this period is growing daily and is best left as a story in itself.
Setting the Stage
To fully understand human evolution it should be seen as a recent installment in the much larger story of the evolution of life. Our assumption is that teachers will set this larger stage for the story of human evolution by presenting the history of life on Earth. Human evolution can then be understood as only one chapter in the larger story of vertebrate and mammalian evolution. Having said this, we must confine ourselves in this paper to setting the stage with those events just prior to the evolution of the last common ancestor of chimpanzees and humans.
Ten million years ago Africa had a much wetter climate than today (Coppens, 1999) . Tropical rainforests near the equator extended across unbroken lowlands from the Atlantic to the Indian oceans. Starting eight million years ago, tectonic forces began to split east Africa along what we know today as the east African rift valley. Uplift caused by these tectonic forces on the west side of the rift prevented the easterly flow of rain clouds and created a rain shadow over east Africa. The resulting climate change was compounded by a simultaneous global cooling and drying trend. East Africa began to dry out. These geological events split the common ancestors of modern chimpanzees and ourselves into two geographically separate populations. One population remained in the tropical rain forests of west Africa and gave rise to modern chimpanzees. The other population slowly began to adapt to the increasingly open, dry habitats of east, and perhaps north central, Africa and eventually gave rise to modern humans. The story of human evolution follows the complex history of changing climate followed by evolutionary adaptation and radiation in east African hominins, the group to which all the direct ancestors of modern humans belong.
An Overview
The following elements provide a framework for the broad patterns of hominin evolution (modified from Foley, 1999 
The Current Cast of Characters The Earliest Hominins
Modern apes and humans differ greatly, but the earliest hominins contrasted in subtle ways from living apes primarily in their increasing reliance on bipedalism. The skeletal indicators of bipedalism include an Sshaped (as opposed to C-shaped) spinal column, a forward placement of the hole at the base of the skull where the spinal column enters (the foramen magnum), and a shortening and broadening of the pelvis to make it "bowl-shaped." These changes were accompanied by shifts in muscle groups, especially the gluteal and hamstring muscles, a lengthening of the lower limbs, particularly the femur in the genus Homo, and changes in the feet to become weight-bearing structures (Poirier & McKee, 1999 ).
The earliest possible hominin to date is the newly discovered Sahelanthropus tchadensis from Chad in the Sahel region of sub-Saharan Africa, which has tentatively been dated to between 6 and 7 million years old (Brunet, 2002) . The fossils include an almost complete cranium with a mosaic of ape and hominin features but no post-cranial skeletal material that could confirm whether S. tchadensis was bipedal. (Wolpoff, 1999) . Dating these fossils has traditionally been done by comparing mammal fossils from these sites to fossil mammals from radiometrically dated sites in east African. They suggest that the breccia containing A. africanus remains may be 3 to 2.4 m.y. old. Relative to the preceding australop-ithecine species the face of A. africanus is broader and less projecting. The brain is slightly larger but the body is much the same. Their hands had broader tips presumably associated with larger, sensitive finger pads, a feature found in later species of Homo. Australopithecus garhi was discovered at Bouri, Ethiopia (2.5 m.y. old), and includes the remains of at least 5 hominins found in ancient lake margin sediments (Asfaw et al., 1999; Heinzelin et al., 1999) . Its chewing muscles must have been large judging by the teeth and conspicuous postorbital constriction. A. garhi also exhibits a relatively longer femur reminiscent of Homo, but a relatively long forearm is consistent with australopith anatomy.
The "Robust" Hominins
The term "robust" in paleoanthropology has come to refer to the massive jaws and teeth of a group of later hominins. Robust species exhibit a number of unique and, therefore, derived features including greatly enlarged molars and premolars (Klein, 1999) . Some investigators emphasize the unique anatomy of these robust forms by placing them in their own genus, Paranthropus. The earliest member of this group is Paranthropus aethiopicus whose fossils include the famous "Black skull" discovered at West Turkana, Kenya (2.5 m.y. old) and mandibles and teeth recovered from the Omo region of Ethiopia (2.3 m.y. old). P. aethiopicus is similar to A. afarensis but differs in its forward placed cheek bones and teeth dimensions that anticipate later robust species.
Remains of Paranthropus boisei, one of the later robust species, have been discovered at many sites throughout east Africa. Paranthropus robustus has been found in many of the cave sites of South Africa. The two species differ only in degree, with P. boisei considered "hyperrobust." They seem to be geographical variants of closely related forms. These later robust species date from 2 to 1.2 m.y.a.. Both exhibit the cranial traits that allowed tremendous force to be applied by the cheek teeth (premolars and molars) during chewing. Their mandibles were large and, like Paranthropus aethiopicus, they had extensive attachments for chewing muscles (e.g., the sagittal crest). The large cheek teeth and skull bones contrast with their stout but small bodies. There are few limb bones for these forms, but in body proportions they were similar to Australopithecus africanus. They are found mainly in deposits of former open, bushy grasslands.
Early Homo
Homo habilis remains have been found in Tanzania, Ethiopia, and Kenya, from deposits dated to 2.4-1.6 m.y.a. (Wood & Richmond, 2000) . H. habilis, which means "handy man," was originally assumed to be the first stone tool maker as the name implies. There is, however, no unequivocal evidence that H. habilis made stone tools. There is also some question as to which genus H. habilis should be assigned, either Homo or Australopithecus. In general this species has a slightly larger cranium and narrower teeth. But its long arms and short legs resemble australopiths and, thus, it may not belong in the genus Homo.
In addition, variation in the fossils assigned to this group may be too great to comprise a single species and a subgroup of these specimens have been reassigned to the species Homo rudolfensis. Again it is unclear to which genus this new species will eventually be assigned. Some authorities suggest that it be assigned to the new genus Kenyanthropus, based on similarities to Kenyanthropus platyops. H. rudolfensis remains have been found in Tanzania 
Summary
New fossil discoveries of our early ancestors are occurring at an increasing rate, each with new names and claims of direct ancestry to modern humans. But even as paleoanthropologists shuffle species names to accommodate these new discoveries, the general outline of human evolution remains sturdy. The astrophysicist James E. Peebles has suggested that rapidly changing sciences, like astronomy and paleoanthropology, are a sign of healthy activity. Shifts in opinion are not a reflection of some inherent weakness, "... rather it shows the subject in a healthy state of chaos around a slowly growing fixed framework. Confusion is a sign that we are doing something right; it is the fertile commotion of a construction site." (Peebles, 2001, p. 55) It is highly unlikely that the general framework we have portrayed for human evolution will change in the near future, this in spite of the fact that the cast of characters will surely expand with new discoveries, and paleoanthropologists will surely readjust genus and species names to reflect our growing knowledge. And that is good news, for it reflects the healthy chaos of Peeble's busy construction site. By the same token, it is the broad framework of human evolution that every biology student should learn and not a long list of frustrating names. Learning the scientific story of our origin should leave students with a sense of anticipation for further discoveries that will fill in the missing gaps in our knowledge and, in so doing, add further supports to the already sturdy framework of our understanding of human evolution. New York: Knopf (This is one of the best firsthand popular accounts of paleoanthropology by one of its leading practitioners.)
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